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ABSTRACT
Dynamic insulation (DI) can recover heat lost in conduction by drawing cold outdoor air into
indoor through an insulation wall in winter. A “breathing DI” system we proposed in the past
has functions both as an insulated envelope and as a highly efficient heat exchanger for
ventilation. It is alternated periodically that the outdoor air is drawn through half of walls
made of breathable inorganic concrete (BIC) and the indoor air is exhausted through the other
half of the BIC walls. In order to put the breathing DI system into practice in housing
construction, this paper presents some studies from various points of view in addition to the
past studies on heat and moisture transport based on laboratory experiments and numerical
simulations. We first experimentally studied the filtering efficiency and clogging of a BIC
panel. This showed that approximately 30 % of the atmospheric dust can be captured by a
BIC panel and no clogging would occur for at least 10 years. We also measured the sorption
and desorption of formaldehyde by a BIC panel to confirm the effectiveness of a BIC wall to
sorb gaseous state formaldehyde. We furthermore constructed a new test house at Ibaraki,
Japan, to confirm the thermal performance of the breathing DI system based on full scale
experiments.
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1. INTRODUCTION
Dynamic insulation (DI) can recover heat lost in conduction by drawing cold outdoor air into
indoor through an insulation wall in winter (Jensen, 1993; Taylor and Imbabi, 1997; Taylor et
al. 1997; Dimoudi et al. 2004). A “breathing dynamic insulation” system (Abuku et al. 2012;
Murata et al. 2015) we proposed in the past has functions both as an insulated envelope and as
a highly efficient heat exchanger for ventilation. It is alternated periodically with a certain
time interval that the outdoor air is drawn through half of walls made of breathable inorganic
concrete (BIC) and the indoor air is exhausted through the other half of the BIC walls. After
the heat in the exhaust air is stored inside the BIC walls, the stored heat in addition to the heat
lost in conduction through the BIC walls is recovered by the supply air.
Our past numerical study (Abuku et al. 2012) showed that the inside surface temperature of
the BIC walls can be kept the same as that of conventional “static” insulation walls and the
recovery efficiency of the heat in the exhaust air can be improved to up to more than 90%. It
was also experimentally shown that the BIC wall under study has recovery efficiencies of
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almost 90% of the heat in the exhaust air, 18 to 35 % of the heat lost in conduction, and
approximately 80% of the moisture lost through the BIC wall (Murata et al. 2015).
In order to put the breathing DI system into practice in housing construction, this paper
addresses some other aspects of the system. We first experimentally studied the filtering
efficiency and clogging of a BIC panel. We also measured the sorption and desorption of
formaldehyde by a BIC panel to confirm the effectiveness of a BIC wall to sorb gaseous state
formaldehyde. We furthermore constructed a new test house at Ibaraki, Japan, to perform full
scale measurements of the hygorthermal performance, ventilation, energy consumption, and
indoor air quality.
2. BREATHING DYNAMIC INSULATION SYSTEM
The breathing DI system consists of two distinct spaces that are enclosed by BIC walls and
fans between the two spaces as illustrated in Fig.1. BIC has a high air permeability, a high
insulation performance and a relatively large thermal storage. In this system, the outdoor air is
drawn through half of the BIC wall, while the indoor air is exhausted through the other half.
Intake and exhaust of air through the two halves of the wall are periodically alternated. An
airflow from one space to the other is controlled by fans. After the heat in the exhaust air is
stored inside the BIC walls, the stored heat in addition to the heat lost in conduction through
the BIC walls is recovered by the supply air. Consequently, the “Breathing DI” system has
functions both as an insulated envelope and as a highly efficient heat exchanger for ventilation.
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Figure 1. Schematic of the breathing DI system (slightly modified based on Murata et al.
2015). a) One operation mode with airflow in one direction, b) the other operation mode with
airflow in the opposite direction.
3. FILTERING EFFICIENCY AND CLOGGING
The filtering efficiency of BIC panels for dust was measured outdoor. The measurement was
conducted on the flat roof of building #34, Higashi-Osaka campus, Kindai University, Japan
during October 24, 2016 – January 31, 2017. The building is located near busy roads and
highways. The schematic of the experimental set-up is given in Fig. 2. The set-up is composed
of wooden panels and frames, an electronic fan, a BIC panel (30 cm x 30 cm x 8 cm) with an
air filter as well as a hygro-thermometer and a digital dust monitor both in and outside the box.
The air filter was attached to the inner surface of the BIC panel to diminish the influence of
powder remaining in the BIC panel on the dust concentration in the box. Note that it was
confirmed that this air filter does not influence the dust concentration measured by the dust
monitors. The difference between the outside dust concentration Co (mg/m3) and the inside
dust concentration Ci (mg/m3) is considered to be due to the BIC panel. In the current paper,
the filtering efficiency Ef (%) is defined by
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In the breathing DI system, the direction of airflow though BIC panels changes with a certain
interval of time (e.g. 10 minutes). However, in this experiment, the direction of airflow
through a BIC panel was not changed to accelerate the decrease of the filtering efficiency of
the BIC panel.
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Figure 2. Schematic of the experimental set-up to measure the filtering efficiency of a BIC
panel.
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The inside and outside dust concentrations as well as the temperature and relative humidity
(RH) values were measured and averaged over every 10 minutes. For each parameter, 211
data were successively obtained. The average outside dust concentration for all the data was
0.0135 mg/m3 with a standard deviation of 0.0084 mg/m3 and the maximum is 0.0350 mg/m3.
Ef was 29.7 % on average with a standard deviation of 11.8 % and 61.5 % at the maximum.
The relation between Ef and the number of measurement is given in Fig. 3a; the dependency
of Ef on Co is shown in Fig. 3b. Note that although in Fig. 3b there seems to be less number of
data points, this means that some data show the same relation between Ef and Co. The results
show that the filtering efficiency did not decrease with time at least under the current study,
although this is also supported by discussion on clogging in the last part of this section. It was
also shown that the filtering efficiency is stably high when the outside dust concentration is
high. This is probably because when the dust concentration is high, particles in the dust are
large and thus easily captured by the BIC panel.
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Figure 3. The dependency of the filtering efficiency Ef of the BIC panel on a) the number of
measurement N and b) the outside dust concentration Co.
In general, various factors affects the dust concentration (e.g. Csavina et al. 2014) that would
eventually influence the filtering efficiency. In the current study, the relationships of Ef with
the outside RH and humidity ratio are discussed as they would be considered to be one of the
most important factors. Fig. 4. There is no correlation between Ef and the RH. However, only
when the humidity ratio is high, Ef became stably high and there seems to be a positive
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correlation between Ef and the humidity ratio. This is because particles in dust can swell when
they absorb moisture and can be then captured by the pore structure of the panel more easily
and because a wet surface of the pore structure can capture more dust.
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Figure 4. The dependency of the filtering efficiency Ef of the BIC panel on a) the outside
relative humidity and b) the outside humidity ratio.
Apart from air filtering, when a large amount of atmospheric dust accumulates in the BIC
panel, the air permeability might be reduced which affects the performance of the DI system.
The possibility of clogging of a BIC panel due to atmospheric dust was also estimated here
tentatively assuming some input values and summarised in Table 1. The air permeability
value of the BIC panel was taken from our own measurements. The result show that as the
dust mass captured by the panel is very small, almost no clogging of the BIC panel would
occur at least for 10 years. It should be noted that in the breathing DI system, the intake and
exhaust of air through the panel are alternated periodically and thus the dust mass captured by
the panel should be the half of the one given in Table 1 if the indoor air is clean.
Table 1. Estimate of the possibility of clogging of the BIC panel due to atmospheric dust
Input/Output
Input

Output

Parameter
Atmospheric dust concentration
Air permeability
Pressure difference between indoor and outdoor
Service life
Filtering efficiency
Airflow rate
Airflow speed
Dust mass captured by the panel

Value
0.02
1.07
20
10
30
1.92
5.93
11.2

Unit
mg/m3
m/(h∙Pa)
Pa
year
%
m3/h
m/s
g/m2

4. SORPTION AND DESORPTION OF FORMALDEHYDE
As one of drawbacks of the breathing DI system, a BIC panel can also sorb volatile organic
compounds when the indoor air is exhausted through the BIC panel and then desorption of
them to the inside might occur. According to Curling et al. (2012), the sorption and desorption
of water and those of water plus formaldehyde were measured using the dynamic vapour
sorption technique with a RH interval of 5 %. The results are given in Fig. 5a. The measured
mass content of water plus formaldehyde was then subtracted by the measured water content
to obtain the content of formaldehyde (Fig. 5b). Furthermore, the absorption/desorption rate
was obtained by dividing the mass content increment/decrement for each RH step by the time
used to obtain the equilibrium (Fig. 5c). The result means that after one cycle of absorption
and desorption, most formaldehyde captured in the material is not desorbed. It was also shown
that the desorption rate is lower than the absorption rate.
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Figure 5. Measured sorption and desorption of water and formaldehyde by the BIC panel. a)
sorption and desorption isotherm of water and water plus formaldehyde, b) the mass content
of formaldehyde in the material, c) sorption and desorption rate of water and water plus
formaldehyde.
5. FULL SCALE MEASUREMENTS AT A TEST HOUSE
Full scale measurements to confirm the thermal effectiveness of the breathing DI system were
carried out at a two-storey test house (Fig. 6) located at Ibaraki prefecture, Japan. The test
house has a gross floor area of 103 m 2 (1F: 52 m 2 ; 2F: 51 m 2 ), a total volume of
approximately 300 m3 and a high insulation performance with the area-weighted average Uvalue of 0.25 W/(m2K). At this test house, we measured the vertical temperature distribution
(Fig. 6b) in an atrium space of the house with or without the breathing DI system. For three
days (January 13-15, 2017) when the breathing DI system was operated with a time interval of
15 minutes for alternation of intake and exhaust of air, the ventilation rate was kept at 150
m3/h. For other three days (February 3-5, 2017) without the breathing DI system, three
mechanical ventilation fans were always operated in two rest rooms and an undressing room
to obtain a total ventilation rate of ~ 200 m3/h. Fig. 7 plots the indoor temperatures measured
at different heights as well as the outdoor temperature measured near the test house. The
results confirm the effectiveness of the breathing DI system, showing that with the breathing
DI system, the indoor temperatures can be kept both higher and more uniform. Note that there
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Figure 6. A two-storey test house equipped with the breathing DI system at Ibaraki prefecture,
Japan. a) A photograph, b) Plan (1st floor).
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Figure 6. Indoor temperatures measured at different heights in an atrium of the test house
compared to the outdoor temperature. a) Breathing DI system, b) Normal mechanical
ventilation.
was a heat source under the floor of the 1st floor, so the temperatures measured at 5 cm and
1.5 m were higher than those at ≥ 3m.
6. CONCLUSIONS
In order to put the breathing DI system into practice in housing construction, we first
experimentally studied the filtering efficiency and clogging of a BIC panel. This showed that
approximately 30 % of the atmospheric dust can be captured by a BIC panel and no clogging
would occur for at least 10 years. By measuring the sorption and desorption of formaldehyde
by a BIC panel, we also showed that a BIC wall is effective to reduce gaseous state
formaldehyde. Lastly, full scale experiments at the test house demonstrated that the breathing
DI system can keep the indoor temperature higher and more uniform in winter.
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